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HISTORY O F  THE THEORIES OF T H E  WINDS, FROM THE EARLIEST TIMES TO THE BEGINNING OF THE SEVENTEENTH 
CENTURY. 

By EDGAR W. WOOLARD. 
peather Bureau, Washington, D. C., Sept. 8,1821.1 

5.r/. .YS 

Meteorolov as a science is young, but as a branch of 
knowledge it is very old, perhaps as old as mankind; the 
beginnin s of meteorolo are to be found with the 

have been among the first natural occurrences to be 
noted by rimitive man; and most prominent among 

In remote times man living as a hunter or agriculturist, 
mostly in the open, was more influenced by, and more 
dependent on, the weather than we are ourselves at res- 

phenomena closely. He did so, of course, not in order 
to study the atmosphere and to discover its laws, but to 
derive immediate advantages for himself. He was 
nxious to learn how to protect his house against-the 

weather; how to foresee coming atmospheric conditions 
so that he might best lan his activities; and how to 

purposes. The ex erieiice of the more intelligent in these 

mented from generation to generation, and very eary 
formed an essential element in the knowledge of all races 
of mankind. For example, weather lore and weather 
superstitions esisted among the Chaldeans and the 
Babylonians two or three thousand years before the 
Christian era;’ and the winds came in for a large share of 
attention. 

T h e  Babylonians had the wind rose of eight rhumbs, 
and used the names of the four cardinal points to denote 
the intermediate directions.’ The Greeks and the Romans 

ongins o f civilization. #teorological phenomena must 

these are t t e winds.’ 

ent; and he was therefore forced to watch atmosp R eric 

find out the most favorab P e climatic situations for various 

P respects was han x ed down, and at the same time a - 

meteorological observations; observations of the winds 
prevail over all others, for they were of practical use to 
naviuation and were easily made. The origin of the 
win& wm always a favorite sub’ect of speculation 

of Homer (10th among %;hilosophers. 
century . C. ?) the winds were sti conceived of as abso- 
lute bein s like ods. Anaximander of Ionia (5th cen- 
tury B. 6) was &e h t  to give a scientific definition of 
the wind, and it is still valid: The wind is a owing of air. 

of Ionia (6th and 5th centuries B. C.), there have been 
few Greek who were not interested in some 

meteorology in the modern sense, also a ood deal of 

stars, meteors, and comets; the favorite meteorolo ica 
subjects of speculation and reasearch seem to have teen 

In the “);1” 

Since the time of the oldest philosophic ir school, that 

P; physical geography and astaronomy, especi s ly shootin 

The subject then covered a wider 
at  present, embracing, besides 

1 See 0. Hellmenn: The Dawn of Meteorology. Qwr. Jorrr. Roy. dfd. 8m., 34: 221- 

&ce f~lyattrlbutedtoCharlssthe0~at(74~514m.)ortothemonkAlcuin. 
2x2 1909 

the origin of the winds, the theory of rain, and the 
rainbow. 

Hippocrates (6. 460 B. C.) , the “ Father of Medicine,” 
first enunciated the principles of public health in his 
treatise on Airs, Waters, and Pkcea,’ which included a 
consideration of the effects of winds. At an earl%gerioi 
the Greeks used wind vanes, the “Tower of the 
at Athens,‘ constructed about the first century B. C., 
and still standing, affords interesting evidence of this. 
At that same time a contemporary Roman writer, Teren- 
tius Varro, tells us that in Roman villas wind vanes were 
constructed in such a manner as to show the direction of 
t,he vane on B wind rose &xed to the ceiling of the room. 
Yet no Greek or Roman word for wind vane has been 
handed down to us. 

A good many cosmological speculations were put for- 
ward by the meteorologists, too, which often proved 
false, and, considered from a practical point of mew, in 
all cases rather useless, whence in the period of Socrabs 
(h .  470 ea. B. C.) nieteorolo v itself came into disrepute; 
the Greeks had coined t%e word psrewpbhoyos, from 
perkwpa, su.pra-terraskial, and Abyos, description or treaG 
&e, to designate this branch of philosophy, and now a 
new word was formed, ~ w w p o X & ~ s ,  signifying a mean 
babbling about sublime thinos. Nevertheless, meteor- 
010 made real progress ; an8a  century later, about 350 
B. y, the first treatise 011 meteorolo y, r d  perswpoXo-yrrr&, 
was written by the great Greek pfilosopher Aristotle 

Aristotle’s work contains a great deal of miscellaneous 
information of mixed vt~lue.~ The section which deals 
with the winds forms one of the best parts of the book. 
Aristotle adopted the Greek view of the sphericity of the 
earth,O and regarded the globe as surrounded by succes- 
sive envelopes of the other “elements,” water, air, and 
fire. Although he laid down very excellent principles 
for scientific investigation, seemingly being the h t  to 
appreciate fully the importance of obtaining observa- 
tional data before drawin conclusions, his own practical 

not uniformly trustworthy. 

inds 

(354-332 B. C.). 

application of the metho % was defective, and hs results 

8 This work wait through a number of editions and trauslationa In later times. See 
e. g.. Hi pocrates on A h  Watcrs and Places the recelved Greek text of Ltttd, w i d  
Latin, &en&, and Epgiisli tranklations hy’emment scholars., London Wymsn dr 
tioils, 1 ~ .  Sec also ilippwrates o u8eutwrn reptrtoni propnostreon in ml;tationss a a b  
tam via astrologiea quam wteoro/o&a uti sapimtcs mpericntia e0m;Prrimtm wlunrnt 
prrquam utilliasiine ordinalum ineipit sidcrc fdief d primo probmrum. A Petro de 
Albann in Latinum traductus. Venetiis. 1455. Herodotus (484425 B. C.) wrote on 
the loral winds of Esrpt in his “Euterpe.” The f ist  &tion of his works was in 
Latin. by Laurentius ‘\ slla, Venice, 14i4; rf. Herodatus, tr. by Wm. Belce., 4 vols.. 
Philadelphia, 1S14. 

4 See hellmann op.  F i t .  The devclopment of the meteoroload ideas of the Greek8 
frpm the timc of Jlomer is very fully treated In: Otto Gilbert. Die mdcnrobgisehm 
lhrnrirn des griechisclicn allmtunis. Leipzlg 1Wn. 

5 A complete hibliogaphy of the edition; nnd translations of Aristotle’s Mcteordopica 
is given by G. Ilellmann, Beitrage zur Gasrhiehte der Meteorolcqge, Band 11, No. 6, 
pp 1-45 l*rrqg. d .  him. Prruss. Met. Rst. ,  No. 286 Berlin, 1917. 

;The majorit of the ideas of ancient ryes  re& the form and aim of the earth 
and the generaYscheme of cosmography into which they fitted the atmoq&ered ad 
valuable onlv as curiosities; here, too the Greeks Brst held correct and den c I a. 
Astronomy, bs originally introduced into Greece from E T t  by Thslev (Sao-srs B. C.) 
of the Ionlan school and bv others was a sdence of 0 ServatIon pure and simple. 
Later Pythagoras (m9-190’1 B. C.)’advanced the theory that the earth in Common 
with Ather heavenly bodies, is a sphere, and that it rests wlthout s u p p  hJhe  center 
of the universe; it IS extremely doubtful whether he had an red e dence in sup 01% 
of his view, but the belief in. the spherical form of the ear& never aisappeared 
Gmt thought. sild in later tunes was an estabhshed part of the Gre8k 8 s t m u  @Fob 
ab1 because of the affection whch the Greek# always seem to have d f o r  the d e  
anlthe sphere as being “perfect" bodies), being mcuntained by mast of ithe latar phf- 
lmvhers: the well-known roofs based on the change of altitude of the celeatlsl 
wtth change of latttude an$ the disappearance of the hulls of ships hefore that o g  
masts were brought out by Aristotle and by Pllny (23-79 A. D ) res ectlvely’ Eratob 
then$ (275-1M B. C.) axecuted an actual messurerment of the &!id on’the tlrd 
prmciple. Eratosthenes, Polyblus, and Straho wem scquamted with the general dis- 
tribution of temperature over the earth and its cawe. 
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The atmosphere, according to Aristotle, is continually 
traversed by two kinds of “exhalations” from the 

eart -an essential1 wate vapor, and a peculiar, essen- 

a,re raised b the heat of the sun, and are always asso- 

totle did not believe that air when in motion was wind, 
while the same air condensed was rain. He believed that 
rain originates from the vaporous exhalation and wind 
from the dry exhalation; he was influenced by observa- 
tions showing that during dry years, when the dry and 
smokelike exhalation was most abundant, winds were 
most frequent, while the vaporous exhalation was most 
abundant during wet years. Aristotle knew that winds 
were due to the action of solar heat, but beyond this his 
views on their production were untrustworthy. 

Meteorology is essentially the physics of the air; but 
the physics and mathematics of this period were, of course, 
most rudimentary. Like most of other ancient philoso- 
phers, Ariatotle’s ideas about the composition of the at- 
mosphere were very crude; air was usually considered to 
be an element; it IS difficult to understand what he con- 

tially dry, smoke-li % S  e esh ation from dry earth. Both 

ciated toget z er. Unlike some ancient philosophers, Aris- 

Aristotelian work De 
Aristotle), e. 4, 394, it 
but a large quantity of compressed air in motion. Aris- 
totle does not s ecficall state that winds are due to a 

comes very close to it. (There was no knowledge of me- 
chanics at that time; the &st ideas about statics were put 
forward by Archimedes (287-212 B. C.) in his work on 
fluid pressure, and nothing more of any consequence in 
either statics or dynamics was accomplished until the br er most of the globe nothing seems so fickle and 
irregula-o subject to the whims of chance-as wind 
direction and speed. The cons icuous exceptions to this 

winds, of the Indian Ocean have been known since an- 
tiquity. Aristotle includes a description of them, and of 
the periodic winds of Greece, giving the characteristics 
of each. The great military expedition of Alesander the 
Great (356-323 B. C.) brought to the Greeks consider- 
able knowledge of the monsoon winds.8 

There is but little to record for the next 2,000 years. 
Aristotle’s system of philosoph completely dominated 

287 B. 8): Posidonius (c; 150-30 B. C.), et al., added little 
or nothmgj but numerous commentaries and para hrases 

done; lo and during the Bark es meteorology was bare- 

twelfth century saw only a firm and absolute adherence 
to the doctrines of Aristotle,ll althou h some authorsla 

is nothing else 

disturbance of t % I  e equ’ brium o€ the air, although he 

g of the seventeenth century.’) 

rule were early taken note of: 8 he monsoons, or seasonal 

d thou ht: His successors, SUC c as Theophrastus (374 P- 

the Romans but litt Y e was 

ly kept alive. The revival of apl earning at the end of the 

did add opinions of their own, or of ot !i em. 

were pub’shed. Amon 

The be innings of experimental science are to be found 
‘ust at, t a a t  epoch when scholasticism had reached its 
highest, point, namely, in tmhe thirteenth 
probably took its origin 
and in lhgland, where the 
(Pct,rus Pcreginus) and Roger Bacon (1214-13941. can be 
considered as the first great representatives of the new 
aims. S.ystematic. meteorological observations began to 
make their appearance. 

The knowledge of tshe Greeks had practically all been 
lost during the Dark Ages.lS When, in the fifteenth cen- 
tury, the first beanis of li h t  broke in u on the darkness, 

there some asserted that the earth was not flat,%ut round; 
the voyage of Columbus, and the reat explorations and‘ 

men tshat the earth is a t  least globular, and gave them 
some idea of its dimensions. These esplorations were 
very fruitful in bringing to light many new facts of 
meteorology, and in introducing men to many new 
experiences in general.“ A considerable amount of 
observabional data began to be accumulated, and now and 
then suinmaries of i t  were undertaken. Peter Apianus, 
in his Cososmographia, 1534? gives a discussion of winds, 
wit.11 a chart of names, character, nnd distribution over 
the dobe, in their a plication to navigation. 

TKe first thoroug rl ex osition of the knowm distribu- 
tion of winds over the Xtlantic and t,lie Pacific Oceans 
was brought out by the S nnish Jesuit Jose de Acosta 
in 1590;’j the monsoons o P the Indian,Ocean, as men- 
tioned above, ha.d been known since anti uity;18 the 

bus (1451 1-15OG) on his first. voyage to America. Acosta, 
in agreement, wit,li the common belief at  that time, 
attributed tnhe regular easterly winds of the torrid zone 
(called h1.i.arr.s by the Spanish seamen) to a movement of 
the heavens about a stationary earth, in which the at- 
mosphere pn.rtakes, but more slowly: the west and south- 
west winds of higher latitudes (ocndrrides) are modifica- 
tions caused by ascending or descending currents. 

The voyages of the great navigators of the sixteenth 
centur sufficed to map out the Trades (so named by the 
Englis z ) quite completely, and furnished n fresh stimulus 
for nieteorolo ical observing in general. Descriptive 
literature de 9 ing with the various occasional storms 
also began to appear.l‘ 

nnd men began again to t P link about suc R thinas, here and 

geographical discoveries that cluic.1- 5 y followed, convinced 

northeast trades were discovered by Christop 1 er Colum- 

. . -_ - - - - 

Except in Arabia, where, e. g., a meamrement of an arc of the meridian was carried 
out during this eriod 

14 A bibllogra %yof~UtextbooksofMeteorolo ypublishedfrom 1500 tol9llIsgivenby 
0. Hellmiin 8eitr:ige zur Gesch. d. Met., Bb 11, Nr. G. Entwirklungsgewhirhte des 
meteorologiwhen Lehrbuches pp. 67-133. Ver6~T. d .  Kon. Prews .  Nd. I d . ,  Nr. ?sR, 
Berlin, 1917. AU textbooks issued on the Continent till the end of the seventeenth 
century are exclusively based on Aristotle, but his influence in England was much less, 
dthnugh lint so many treatises on meteorolopv were published I n  England brfore 1700. 
The Io!lo:ving literature s enially devoted to the wiutls Is worthy of being liatek Ein 
Hutherher srhoner Kalrn& mf6 dlichcr rugehbang . . . snd rmm dm @ier Ii’lnden rlnd 
irer Xatur. . . . In Bne: Getruckt zu Beuttllngen von Michel Ore ffen I&l-AWn- 
dux. Jwnlris. De uluaib. imbrfbw.  c6 irnlis. ac a d 8  ?nrrtali~~ne. T7eni,e. 1j61. De 

~~ 

7 Before the time of Galilee (1584-1642) it was common1 sup wed. on the authority 
of Arisbtle that every body had a “natural place I’ and ?hat iE normal state was one 
of rest in that place: E. g., a stone was supposed to sink in water became its natural 
place was at the bottom of the water. 

8 Bee T. E. Lone. ArbloUc’s Rcswrrbes in Naturd Seirmec, London, 1912 Cha s I 11. 
There have been two Engllsh translations of Arlstotle’s ilfdmro?oq-Par.dter. ~ ~ i ~ o i i ,  
1785 and Taylor Londmi ISm-but co ies are scarce. An ent French transla- 
tion: b J. B a r d e m y  Saiht-Hilaire wit% notes and the De Muds appeared at Paris 
1883. $he winds ocrupy cha iv-Vi:lucl. of Book II. A translatld was in preparatioi; 
by E. W.Webster, who was &ed 11: the \korld War. 

D S e a  Then hraslirs of Ereaw on IVinds and on Weather Si#m by J. 0. Wood London 
l a .  The hstotelian theory i r  postulated; and concurreuthnd conso umt‘ phenom! 
en8 of the wlnds rather than the origin of the winds themselves form %e t ic of dis- 
cussion; also In the Lceb Classical Library: Theo hrastus dquiry i d  %anta and 
Minor Works, +ii, Londou, 1916. Tr. by Sir Artgur Horl. 

u The a~tenslve eolonialposse.wms of the Romans ocesslon?d the Romans to be the 
first to oint out the dieerance between cantiqental and manhme climate. 

g. Albertus Ma us In hls great meteorological works. See Thecdor Bchmttt 
D* jwlcorol~gl~ und 8 m g i e  &a A~W ~ugnw,  180~. 

g.%eUmann, Dawn of Meteorology, lac. ut. 

lorn Wile e! nccessario. Venice 157l.-Agri pa Comillo. Dinlogo sopra la gen&aziMK de 
wnti baleni tunni fulgori.fui7hi loghi w 1 8 e  h g n e .  Rome, lSW.--MerHm. H. A.. 
De ibis i k n d i ’  tempore oriekibua.’ Lei zig, !537.-Damius. Prielrich. De vent0 
lhcarrr ii&cleorologinrr. . 15?D.-Bonaventuya. hanasrua. De c a w a  uen4orum motw. 1582. 
.4nfrnolo#iac pars nor,  ad rst: De affeelionihus. sfgnia. eawrh U P  wenlorum ~z .4rislafo/c, 
Thmphrasto. ac %olenuo tractdud. 15W.--Mirnvski. Ankreas. Tiimrra ventorurn. 
Wurtemhurg. I5%3.-Romanu~. Adrian. Venhviini srcmdrcm icrelifiorcs dirtindorum 
URUS. \Yurtembur& 15%. 

15 Jose de hcostn (lS33-11W). Hiahria natural y inortll de In I-dias. Seville. 1590: 
Salsmanca, 155‘3 (in Latin). Thr Nnkrnlr and Mnr7:r Hislcrit of lhc East and Il’esl 
Iifdirs. London. 1134. 

16 In  Iris work Muhit, ou the nav~eation of tbe Indian seas, pntlishcd in 1554, the 
Turkish liternry’seamnn Bidi Ali Kntilri Rumi) pix-es the timcs of commencement of 
the monsoon lor ju ditlerent places. 

1; The following are 31so of interest: Pnluanius, Fal.~ricius. Trarlalss dw alter de 
wnh.  alttr dr tcrrz mufu. 1601.-Drebhel Cornelius. Ecn mrt traclvcl van de miuerc 
drr c lrawi t tcn .  rndr hoc sij rtrnorsnrckcn dp; iuinl. rfqbcn. blixcn, dondrr. rnde wacrmnme 
dienalich zyn. Haarlem. 1CM 1fl21. Other editions iu ditIorent Ian-uages also.- 
Dissertatiolis onitbe winds hv ivalduug. Wdhamer. Werenberg, Brharlacbus, dalapert, 
Wolfrum, Agerius, et al.--dchIdcard, Wilhelm. Anemogmplria. Tuhlngse, 1631. 
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. . . . .- -. .. . . .. . . . .. . -- . 

Station. Amount. 

dcillimdua. I d e a .  
Manila ................................................ 246.3 9.10 
Bagulo ................................................ a . 7  la74 

Vigau ._______________._.___...._..__._......___....... I 243.9 9.60 

~ - . . --I- .- .. . . . - .. -. - -. . . . - - 

L - ~  ..................................................... I na7 lam 
Iba .... . . . . -. . . . . . -. . . . . . - .. . . . . _. . . _. ._ -. -. . . . -. - .-. -. 1 195.0 1 7.66 

6Q9 

Date. 

Aug. 16 
dug. I4 

bug. a0 
dug. io 
Aw. 11 

-~ 

Finally, the numerous events which were so greatly 
widening men's ideas and altering the prevalent concep- 
tions of the world-the discove of America, the circum- 

expeditions which followed, the overthrow of t;he 
Ptolemaic s stem of astronomy, et. a1.-so helped to 

for a new structure, that near the end o the sixteenth 
century a general reconstruction of all scientific ideas 
commenced. The Aristotelian writings and methods 
were bitter1 assailed, and their influence commenced 
to wane. d e  new hilosophy of Francis Bacon (1561- 
lG26) was expouncle i in opposition to Aristotle's philoso- 
phy ; the separate sciences became differentiated and 
classified, the scientific method emerged, and marked 
progress soon took lace along both theoretical and 
experimental lines. lcience in general, and meteorology 
in particular, entered upon a new era.18 

navigation of the globe and t T e other great exploring 

loosen the o s d foundations and to make lain the need P 

UNUSUAL AURORA AT JUNEAU, ALASKA. 
' On the night of September 1,  there occurred what is . said by old residents to have been one of the most brilliant 
auroral displays that has been observed in Juneau in the 
last 20 years. - 

While the aurora began about 9 p. m. and cant-inued 
until nearlv midnight. it was most brilliant from 9:lO to 
9 :50 and from 11 333 to 11 :55. The characteristic feature 
of the first period of brilliancy was a vivid band of white 
light, almost as bright as the full moon, that arched the 
sky from the western to tshe eastern horizon and about 5 
degrees south of the zenith. This band varied in width, 
but avera ed about 5 degrees. At frequent intervals 

' weird shape, sometimes like "mare's tails" cirrus clouds 
and again like tongues of flame. Occasionally there 
would form on the northern side of the arch a wide ap- 
pendage radiant with all the colors of the spectrum and 
that would shimmer in the most fascinating manner. 
These various appenda es assumed form and disappetwed 
gradually, and not witf the rilpidity that sometimes at- 
tends auroral €orniations. During the prevalence of the 

there deve 9 oped from it appendages of white light and 

18 Cf. Walter Libb An Inlroduetion ta the Histow of Sdrncc. New Tork 1917. Iu 
the preparation of t&s paper use has been made of: E. E. Rlldebrandsdn and 1.. 
Tefsseranc de Bort Lea Bases de la MHLmlogie Dpnamiquc Tome I. Paris lWT. 0 
Rellmann's Nrud&kc. cvn Sehrufm und liarlrn fiber itfcoroiogic und ErdmainnPfishusj 
and the unpublished U. S. S a1 Corps Bibllograph~ of Mcfmlogy,  edited by 0. L. 
Fassig, Part 111, Winds .Part%, Storms. 

east through north to west. These ~w in brilliancy 
and depth of coloring, and soon had ecome so strong 
that their li h t  caused the ne' hboring landscape to be 

mile away, being distinguishable. 
The display continued to increase in intensity until 

1155, when it ceased with an abru tness that wtw 

every indication of the aurora vanished almost instantly 
and there was no further display during the night so far 
as known. 

Earth currents attending the phenomenon affected the 
submarine cable connecting Juneau and Sitka to such an 
extent that from 9:20 to 10:25 p. m. and from 11:40 to 
midnight, when cable service closes for the night, it was 
utterly impossible to transmit or receive messages.- 
M. B. Summers. 

clearly visib P e, objects at the f ar side of town, nearly a 

startling. As though the "current ha a been shut off," 

HEAVY RAINS AND FLOODS IN LUZON, PHILIPPINES, 
AUGUST, 1921. 

By JosS CORONAS. 5. J. 
[Weather Bureau, Manila, P. I., Sept. 11,lPl.l 

water reaching the height of 1 meter (3 feet) in several - 
portions of the city. 

Following is the monthlv total rainfall for a.few of 
our station; as compared with the normal for August: 

Dflermoe h the Station. Amount. 
.. . - _ _ _  . -~ 

The maximum rainfall in 24 hours €or the same sta- 
tions was as follows: 


